Wheat (Triticum aestivum L. cv Fremont) grown in hydroponic culture under 24-hour continuous irradiation at 560 to 580 micromoles per square meter per second from either metalhalide (MH), high pressure sodium (HPS), or low pressure sodium (LPS) lamps reached maturity in 70 days. Grain yields were similar under all three lamps, although LPS-grown plants lodged at maturity. Phenylalanine ammonia-lyase (PAL) and a tyrosine ammonia lyase (TAL) with lesser activity were detected in all extracts of leaf, inflorescence, and stem. Ammonia-lyase activities increased with age of the plant, and plants grown under the LPS lamp displayed PAL and TAL activities lower than wheat cultured under MH and HPS radiation. Greenhouse solar-grown wheat had the highest PAL and TAL activities. Lignin content of LPS-grown wheat was also significantly reduced from that of plants grown under MH or HPS lamps or in the greenhouse, showing a correlation with the reduced PAL and TAL activities. Ratios of far red-absorbing phytochrome to total phytochrome were similar for all three lamps, but the data do not yet warrant a conclusion about specific wavelengths missing from the LPS lamps that might have induced PAL and TAL activities in plants under the other lamps.
irradiance phytochrome (5, 6, 9, 10, 14) and high irradiance (HIR) blue and UV photoreceptor responses (4, 9, 15, 16) have been implicated in the photostimulation of phenylpropanoid anabolism through the activity of PAL.
The importance of light in the flow of carbon through the phenylpropanoid pathways suggests that control of the spectral environment of a plant could alter the proportion of carbon diverted into the phenolic metabolites. Consequently, our studies were designed to see if the plants would respond to an environment that lacked or was limited in UV, blue, or red wavelengths. The effects of long term continuous irradiance of intact plants at defined wavelengths was investigated to provide a comparison to the short term studies by other workers where tissue pieces or cells suspensions were often used. The activities of PAL and TAL in the plants were studied, along with an end product of phenolic metabolism, lignin.
There is a practical side to this research. Synthesis of such secondary plant products as lignin requires energy that might otherwise be used to produce starch and other primary metabolites. In the field, certain polymeric phenolics might aid in plant structural support (lignin) or in pest resistance (tannins), but in a controlled environment, life support system (CELSS) in a space craft, these features may be of minor importance. Consequently, reduction of secondary metabolism might increase primary metabolism and yield of grain or other edible materials.
Phenolic metabolism in grasses depends upon the synthesis of cinnamic and benzoic acids from the aromatic amino acids phenylalanine and tyrosine (19) . The enzyme PAL3 and accompanying TAL activity, which catalyzes this reaction, is the first committed step of the phenylpropanoid pathway. Consequently, other dependent reactions, including lignification (9) and flavanoid production (1, 9, 12, 18) , are related to the activities of PAL and TAL.
It has been demonstrated that PAL de novo transcription and posttranslational modification may be regulated by the spectral environment in which plants are grown (7, 8, 17, 20 LiCor integrating quantum sensor. As plants grew to maturity, lamps were either raised or the hydroponic system lowered to maintain this same photosynthetic photon flux density at the top of the canopy. An Optronic Laboratories spectral radiometer interfaced to a Hewlett Packard 85 personal computer was used to measure spectral irradiance in w m-2 nm-' for the LPS, HPS, and MH lamps, and sunlight. A comparison of average spectral irradiances at 25-nm intervals is tabulated in Table I . The Pfr/ P,ota1 ratios calculated for each light source also are listed in Table   I .
The LPS, HPS, and MH lamps were suspended in plant growth rooms that were either 3.7 x 3.7 x 3.7 or 3.7 x 3.7 x 2.5 m. Reflective surfaces were coated with a black enamel to prevent spectral contamination from reflected light. Black plastic was (2) .
The assay of PAL or TAL involved a 1 h incubation at 37°C of 2 ml of plant extract with 2 ml of borate buffer (1) (Fig. 1) (Table  VI) .
DISCUSSION
The wheat grown under the LPS lamp possessed a significantly diminished capacity for phenylpropanoid anabolism. At this point, we are not sure if the effect arises from deficiencies in UV or blue light, or whether the high irradiance response is coupled to a red/far-red phytochrome-mediated system. Since our phytochrome photoequilibrium data are similar for all photoenvironments (Table I) , it would be prudent to assess the effects of added blue, UV, red, and far-red light (singly and together) in LPS-grown wheat tissues upon the ammonia-lyase and lignin responses. Calculation of phytochrome-equilibrium data involves many uncertainties with the LPS lamp, because measured values over most of the spectrum (except the 589-nm line) are so close to noise levels. It also seems likely that phytochrome equilibria, based on absorbances determined mostly under low irradiances, might be different under our high irradiance and long duration conditions. Rates of cycling between Pr and Pfr would be much higher under our conditions, for example.
These data illustrate that wheat, when supplied with a 24-h photoperiod of light capable of maintaining photosynthesis, was brought to maturity in a rapid time, 70 d. Our observations that spectral quality apparently affects PAL and TAL activities have been achieved through long-term culture and with a 24-h photoperiod. Consequently, the effects of spectral quality on phenylpropanoid metabolism could be as significant for long term growth as for the short term experiments conducted by other workers (9) with whole plants or suspension-cultured cells.
Since PAL activity has been demonstrated to increase upon plant stress ( 19) , the higher ammonia-lyase activities observed in greenhouse-grown wheat may be related to variations in temperature and occasional insect-pest problems (whiteflies, aphids) inherent in greenhouse systems.
Although yields of wheat were not enhanced at a given irradiance level when secondary metabolism was reduced under LPS lamps, it may be significant that yields were comparable although the LPS lamps are more energy efficient than other lamps. Nevertheless, much work is required before it could be recommended that LPS lamps be used to grow wheat in a future space craft. In any case, the lodging observed under the LPS lamps would not be a problem in microgravity.
